1,2,4-Trimethyl-cyclohexadiene reacts with RuCl 3 Á nH 2 O in refluxing ethanol to afford quantitatively [RuCl 2 (1,2,4-C 6 H 3 Me 3 )] 2 (1), the coordination of 1,2,4-trimethylbenzene to the ruthenium atom introducing planar chirality at the g 6 -arene ligand. The dinuclear complex 1 reacts with two equivalents of triphenylphosphine (PPh 3 ) to give quantitatively, as a racemic mixture of enantiomers, [RuCl 2 (1,2,4-C 6 H 3 Me 3 )(PPh 3 )] (2), the structure of which has been determined by a single-crystal X-ray structure analysis of (rac)-2. Similarly, 1 reacts with two equivalents of the enantiopure phosphine (1S,2S,5R)-(+)-neomenthyldiphenylphosphine (nmdpp) to afford in good yield [RuCl 2 (1,2,4-C 6 H 3 Me 3 )(nmdpp)] (3) as a mixture of diastereoisomers, from which the isomer 3a was isolated by crystallisation. A single-crystal X-ray structure analysis of 3a allowed the determination of the absolute configuration at the planar chiral g 6 -arene moiety. Finally, complex 1 reacts with one equivalent of the diphosphine ligand 1,1 0 -bis(diphenylphosphino)ferrocene (dppfc) to give the heteronuclear complex [RuCl 2 (1,2,4-C 6 H 3 Me 3 ) (dppfc)RuCl 2 (1,2,4-C 6 H 3 Me 3 )] (4). All complexes were fully characterised by elemental analysis, mass spectrometry, NMR and IR spectroscopies.
Introduction
It is known that an arene ligand bearing two nonequivalent substituents in 1,2 or 1,3 positions relative to each other, coordinated in an g 6 -fashion to a transition metal, generates planar chirality at the metal with respect to the face of the coordinated arene [1] . Areneruthenium complexes with planar chirality have been studied first by Bennett and co-workers [2] . They are of great interest because of their potential as chiral catalysts for asymmetric synthesis [3] [4] [5] .
Herein we report the synthesis of a dinuclear arene ruthenium complex with planar chirality, [RuCl 2 (1,2,4-C 6 H 3 Me 3 )] 2 , in which the presence of three methyl groups in positions 1,2 and 4 of the g 6 -arene rings is responsible for the planar chirality. The reaction of this dimer with phosphine ligands, such as triphenylphosphine, (1S,2S,5R)-(+)-neomenthyldiphenylphosphine, or 1,1 0 -bis(diphenylphosphino)ferrocene gives rise to the formation of the corresponding phosphine complexes which exist as mixtures of enantiomers or diastereomers, respectively.
Experimental

General remarks
Ethanol and methanol were dried and distilled under nitrogen prior to use. Except for RuCl 3 Á nH 2 O (Johnson Matthey), all reagents were purchased either from Aldrich or Fluka and used as received. Nuclear magnetic resonance spectra were recorded using a Varian Gemini 200 BB or a Bruker 400 MHz spectrometer and referenced to the signals of the residual protons in the deuterated solvents. Electro-spray mass spectra were obtained in positive-ion mode with an LCQ Finnigan mass spectrometer. IR spectra were recorded with a Perkin-Elmer Spectrum One FTIR spectrometer. Microanalyses were carried out by the Laboratory of Pharmaceutical Chemistry, University of Geneva, Switzerland. 1,2,4-Trimethyl-cyclohexadiene was prepared according to published method [6] . 
X-ray crystallographic study
Crystals of (rac)-2 and 3a were mounted on a Stoe Image Plate Diffraction system equipped with a / circle goniometer, using Mo Ka graphite monochromated radiation (k ¼ 0:71073 A A) with / range 0°-100°, increment of 0.9°and 0.7°, respectively, 2h range from 2.0°to 26°, D max -D min ¼ 12:45-0:81 A A. The structures were solved by direct methods using the programme SHELXS-97 [7] . The refinement and all further calculations were carried out using SHELXL-97 [8] . The H-atoms were included in calculated positions and treated as riding atoms using the SHELXL default parameters. The non-H atoms were refined anisotropically, using weighted full-matrix leastsquare on F 2 . Crystallographic details are summarised in Table 1 attempts to separate the enantiomers 2a and 2b were unsucessful. Crystals of the racemate have been obtained by slow evaporation of a chloroform solution containing 2. A single-crystal X-ray analysis of a (rac)-2 was performed. The molecular structure is presented in Fig. 1 , and related bond lengths and angles are listed in Table 2 . Complex 2 crystallises in the centrosymmetric space group P bca.
The ruthenium atom in 2 possesses a pseudo-octahedral geometry, and the metrical parameters around the metallic core compare well with those of similar three-legged piano-stool [RuCl 2 (g 6 -arene)(PPh 3 )] complexes [11] [12] [13] [14] [15] [16] [17] , the P-Ru-Cl angles being P(1)-Ru(1)-Cl(1) 85.82(5)°and P(1)-Ru(1)-Cl(2) 91.46(5)°, respectively. A distortion at the arene ligand is present, the Ru-C bond distances trans to the phosphorous atom, Ru(1)-C(2) 2.255(6) and Ru(1)-C(3) 2.248 (7) A A, are elongated as compared to the other Ru-C bonds [ranging between 2.203(6) and 2.234 (7) A between complex 2 and the chloroform solvent molecules were observed. As the resolution of the enantiomers of 2 was unsuccessful, we reasoned that the coordination of an enantiopure phosphine ligand to the ruthenium atom, thus giving rise to the formation of diastereoisomers, would facilitate the separation.
Thus, complex 1 reacts with two equivalents of the commercially available enantiopure (1S,2S,5R)-(+)-neomenthyldiphenylphosphine (nmdpp) to afford in good yield the complex [RuCl 2 (1,2,4-C 6 H 3 Me 3 ) (nmdpp)] (3), as a mixture of diastereomers 3a and 3b, see Scheme 3. The 31 P{ 1 H} NMR spectrum of the crude product shows two singlets at 24.6 and 24.7 ppm, respectively. Crystals of the less soluble diastereoisomer 3a were obtained from a methanol solution containing 3.
A single-crystal X-ray structure analysis of 3a allows us to determine the absolute configuration at the planar chiral g 6 -arene moiety. The molecular structure of 3a is presented in Fig. 2 , and selected bond lengths and angles are given in Table 2 .
The X-ray analysis shows that the absolute configuration of the planar chiral g 6 -arene is S. As in the case of 2, also in 3a the ruthenium atom is in a slightly distorted octahedral geometry with angles closed to 90°[Cl (1) (6) A A. The fact that the Ru-P bond is slightly longer [2.3740(14) A rac) is formed or that, despite the presence of both diastereomers (meso and rac), the two chiral elements are too far away from each other to differentiate between the diastereoisomers. All attempts to resolve 4 into isomers were unsuccessful.
